More than one-third of adults 65 years and older fall each year in the United States. 1,2 Diminished ability to maintain balance is a risk factor for falling. [3] [4] [5] Balance training alone or in combination with other exercises has been shown to reduce the risk of falling among older adults. 6-9 A few studies have shown the feasibility and efficacy of computerized balance training that include virtual reality games and biofeedback to improve balance in older adults at risk for falling as well as in stroke rehabilitation. [10] [11] [12] [13] [14] However, the wide dissemination of biofeedback and virtual reality games for balance training has been limited by the expense and accessibility.
BACKGROUND
More than one-third of adults 65 years and older fall each year in the United States. 1, 2 Diminished ability to maintain balance is a risk factor for falling. [3] [4] [5] Balance training alone or in combination with other exercises has been shown to reduce the risk of falling among older adults. [6] [7] [8] [9] A few studies have shown the feasibility and efficacy of computerized balance training that include virtual reality games and biofeedback to improve balance in older adults at risk for falling as well as in stroke rehabilitation. [10] [11] [12] [13] [14] However, the wide dissemination of biofeedback and virtual reality games for balance training has been limited by the expense and accessibility.
Active video game systems controlled through arm gestures and motions (eg, Nintendo Wii Sports, Nintendo, Redmond, Washington) and force plate-controlled video games (eg, Wii Fit) are becoming increasingly popular and widely promoted by the media. The Wii gaming system released in 2006 introduced a new style of virtual reality by using a wireless controller that interacts with the player through a motion-detection system. The Wii incorporates a 3-dimensional accelerometer technology that can respond to changes in direction, speed, and acceleration. The Wii Fit, which comes with a balance board, has 4 strain gauge load sensors, 1 mounted in each corner of the board to estimate the center of gravity and to track movements with weight shifting. Instantaneous feedback is provided to users on a television screen via interactive games so that they are able to make adjustments to their positioning in real time.
Despite the increased popularity and potential application of these consumer gaming systems for health enhancement, only a few case studies 15 and qualitative reports 16 and 4 intervention studies have been published on the use of the basic Wii sports gaming system in older adults. [17] [18] [19] [20] Preliminary short-term findings suggest that healthy older adults 18 and those recovering from a stroke 19 can safely play exergames with supervision, find the games enjoyable, and have improvements in physical functioning and depressive symptoms. We are not aware of any published studies exploring the safety and feasibility of using the Wii Fit exergames for independent balance training at home. In contrast to previous studies, which relied on center-based play, we posited that home-based training would be more convenient and accessible to older adults and would also perhaps increase adherence to game play over time. Thus, the purpose of this study was to determine the safety and feasibility of using the Nintendo Wii Fit exergames to improve balance among older adults
A Pilot Study of Wii Fit Exergames to Improve Balance in Older Adults

Recruitment
Four 1-hour information-demonstration sessions were conducted at 4 continuing care retirement facilities in the greater Seattle, Washington area. One to 2 weeks before the information session, study brochures were distributed to each resident and announcements were posted at prominent locations in the facilities and on the activities calendar. A total of 93 residents attended the information sessions. Thirty-nine residents expressed an interest in the study and were subsequently screened for study eligibility either in person during the information session or thereafter, over the telephone.
Sample
To be included in the study, potential participants had to be 65 years of age or older, have a score of less than 52 on the Berg Balance Scale (BBS) 21 (indicative of impaired balance), [22] [23] [24] be able to walk 4 meters without human support or assistive device, have approval from the participant's health care provider, have a working television set in their home, and have adequate vision and hearing to interact with the games. Potential participants were excluded if there were evidence of cognitive impairment (Brief Screen for Cognitive Impairment, score Ͼ4), 25 significant musculoskeletal or neurologic deficit (eg, cerebral vascular accident and routine use of walkers or other assistive devices), visual and auditory impairment that would place the participant at high risk for falling with unsupervised exercise, as judged by the research staff, or have active self-reported symptomatic illness (eg, cancer, class III-IV congestive heart failure, severe chronic obstructive pulmonary disease, ischemic heart disease, and/or psychiatric illness).
Study Procedures
The baseline visit that was conducted by M.A., H.Q.N. or C.K.P. included the following: (1) informed consent; (2) completion of baseline screening/testing that included the BBS, Timed 4-Meter Walk test, and paper questionnaires; (3) setting up the Wii Fit console; and (4) short orientation to the Wii Fit balance exergames. A graduate-level trained physical therapist (M.A.) served as the trainer and interventionist. The first training session was scheduled 2 days later, followed by 4 additional training sessions in the first week of enrollment. Follow-up telephone calls were made weekly over the subsequent 3 months by M.A. The 3-month evaluation visit and semistructured exit interviews were conducted by H.Q.N. and C.K.P., who were not involved with the training and intervention.
Wii Fit Balance Training Intervention
Participants were instructed to play the balance exergames for 30 minutes per session at least 3 times per week for 3 months. Each 30-minute session included performance of at least 3 sets of balance games of the 4 possible games (basic step, soccer heading, ski slalom, and table tilt). A detailed description of each exergame and its specific effects on balance are included in Table 1 . Participants were supervised by the physical therapist until they felt comfortable and confident using the Wii Fit independently and safely. We anticipated that this would require up to 5 supervised training sessions. The interventionist conducted 5-10-minute telephone calls with participants on a weekly basis to encourage adherence and adjust the training program, for example, modify the games to ensure safety, challenging participants to increase the game's difficulty level, as well as troubleshoot any technical difficulties. The residential activity coordinators at each continuing care community were also available to assist participants with simple technical issues, as needed. All 3 coordinators were already familiar with the Wii gaming console since the facilities had used the console for group gaming activities. Participants were encouraged to select a specific time that was convenient for regular practice to establish a routine and improve adherence over the 3-month study.
Measurements
Demographic (age, gender, race/ethnicity, education, and marital status) and health status (self-rated health and number of chronic medical conditions) data were collected at the baseline visit via self-report. Weight was measured with the Wii Fit balance board and height by self-report. Total step count was measured over 5 days at baseline by using a pagersized, lightweight, Stepwatch 3 Activity Monitor (OrthoCare Innovations, Washington, District of Columbia) fastened above the right ankle.
Step counts provided descriptive information on the participants' level of physical activity. 26 
Balance, Gait Speed, and Exercise Enjoyment Balance
The BBS was chosen to assess the primary study outcome because it measures both static and dynamic balance, has high interrater reliability (0.98) and internal consistency (0.96), and has been shown to be responsive to change as a result of balance training interventions. 21 The BBS measures 14 increasingly difficult mobility tasks, for example, ability to sit, stand, reach, lean over, turn and look over each shoulder, turn in a complete circle, and step, which are graded on a scale of 0 to 4, with the highest score of 56 points. An improvement of 4 points has been considered to be a minimal clinically important difference. 27
Timed 4-Meter Walk test
This walk test served as both a baseline screen for mobility impairment (inability to walk without human support or assistive device) and a measure of gait speed, which is predictive of disability and mortality. 28, 29 Participants were asked to walk a 4-meter (13-foot) straight course as fast as possible (due to a data collection error, we only had change scores for fast walking pace) with an allowance of 2 feet for acceleration and deceleration. Participants performed this test once at baseline and twice at the 3-month posttest with a 1-minute rest period in between. The range of fast walk speed for older adults is 1.1 to 1.2 m/s. 30 
Exercise Enjoyment
The Physical Activity Enjoyment Scale (PACES) was used to measure exercise enjoyment. The scale consists of 18 statements describing bipolar responses associated with physical activity (eg, exciting and/or boring) by using a 7-point Likert response option. Responses were coded, where lower scores indicated greater enjoyment, with scores ranging from 18 to 126. 31 Internal consistency, as measured by Cronbach ␣ was 0.92 in the present study.
Feasibility and Safety
Frequency and duration of time for playing exergames, safety, and technical difficulties were monitored with semistructured weekly phone calls and written logs. During the phone calls, participants were asked specifically about their general health, injuries and difficulties with game play, frequency and duration of play, and enjoyment and game preference. Participants completed a short log of their exercise at the end of each session that included duration of time, exercise games played, and scores. They also answered 4 questions from the PACES on how they felt about playing the Wii Fit games at that time (I enjoy it; I find it energizing; I feel physically good while doing it; and/or it gives me a strong sense of accomplishment). A semistructured interview lasting approximately 10 minutes was conducted with each participant at the 3-month posttest home visit.
Analysis
Content analysis was used to identify important themes and concepts from the home visit logs, telephone calls, and exit interviews. All field notes and documentation were reviewed separately by H.Q.N and M.A. initially. The investigators then met to discuss and conferred on the general themes that emerged to ensure consistency and fidelity of the findings. Themes from the exit interviews were triangulated with the field notes, and documentation made by M.A. during the intervention period. The Wilcoxon signedrank test was used to explore changes in the BBS, Timed Walk test, and exercise enjoyment from baseline to 3 months. Linear regressions with a clustering function were used to determine the mean slope of change in Wii Fit game scores for all participants. The clustering function was used since participants contributed varying amounts of data based on the frequency of game play. All analyses were conducted in STATA v.10 (StataCorp, College Station, Texas).
RESULTS
A total of 39 residents expressed an interest in being further screened for the study. Individuals were excluded for the following reasons: (1) no balance impairment based on BBS test (n ϭ 3); (2) unable to obtain health care provider approval (n ϭ 1); (3) decided not to enroll (n ϭ 1); (4) withdrew after the first home visit due to other competing demands (n ϭ 1); (5) medical conditions that would make the unsupervised exergame exercises unsafe, for example, symptomatic illness and musculoskeletal and neurological deficits (n ϭ 26). This resulted in a total sample size of 7. The sample characteristics for the 7 participants who enrolled and completed the study are described in Table 2 .
Wii Fit Exergame Play
On the basis of the paper diaries, participants logged a mean of 50 unique play sessions (range, 31-68) with a median duration of 31 minutes (range, 10 minutes to 2 hours) per session during the 3 months. The automated date and time stamps from the Wii console (median play time per session ϭ 33 minutes) were similar to participants' self-report of play duration. Participants reported a high level of enjoyment (mean [SD] ϭ 2.6 [0.9]; lower scores on 1-7-point scale indicated higher enjoyment) after each play session. While there was a range in participant performance on the 4 Wii Fit exergames at the start, all participants showed incremental linear improvements in their raw game scores during the 3 months, as reflected in the individual "beta coefficients" (Table 3) .
Feasibility, Safety, and Technical Issues
All participants felt comfortable in using the Wii Fit after receiving 5 individualized training sessions with the interventionist. Each training session lasted 45 to 60 minutes. Participants initially had difficulty navigating from the television setting to the game console and through the layered menu on the Wii Fit to play the exergames. A shortcut under "My Wii Fit favorites" was set up for all the participants to improve navigation.
Two participants had trouble maintaining their balance with the steps game during the training visits; this game required players to step on and off the balance board. To ensure safety and to help to build their rhythm and confidence, they were instructed to tap their foot on the board instead of making a complete step. While this strategy improved safety with game play, it was discouraging for participants because the balance board only recognized and scored deliberate steps and not foot tapping. Both participants were then encouraged to hold onto the back of a sturdy chair for stability so that they could safely step up and down on the board. Although this approach allowed for their steps to be recorded and scored, the participants might have not sufficiently challenged their balance.
Additional home visits, which lasted up to 30 minutes, were made to 4 participants 1 month into the intervention in response to participants' requests for feedback and corrections on their techniques. Two participants complained of neck strain with the soccer heading game. While playing the game, participants made sharp side-to-side jerky movements of their neck and head. The interventionist showed them how to shift their weight instead of moving their neck. Despite this additional training, both participants continued to have difficulty with the game. Therefore, they were advised to stop playing this game after 20 sessions. Four participants reported being unsteady with their balance when side stepping off the balance board on the step game. One reported hip strain, which she attributed to an old hip injury. All 4 participants were encouraged to step forward and backward and not side to side on the balance board. None of the participants experienced a fall during the study.
Qualitative Findings
We identified 3 major themes based on notes gathered from participants' observation during the home training visits, weekly phone calls, and exit interviews.
Indicators of improved balance
Participants described their improvement based on changes in functioning in their daily life and changes in their game scores. In terms of their daily living, one participant commented, "I can now stand on one foot to put on my undergarment." Another participant said, "I felt that my balance improved and I felt stronger too, I don't stumble against the wall." A third participant said, "Because I felt improvement with the Wii Fit, I was motivated to join EnhanceFitness [a group exercise class]." She was reluctant to participate in the group exercise class before playing the Wii Fit because she felt that her balance was too poor. Three other participants said that they felt overall improvement but were not able to provide specific examples. A partner of 1 participant who was not invited to participate in the interview but chimed in from the background, "He is more definite in his steps; I see less shuffling and he seems to be more assured when walking." Only 1 participant reported no improvement.
Participants also gauged their improvement based on game scores. They pointed out that keeping a paper dairy was useful because it helped them review their progress and see visible improvement in their scores. Three participants reported experimenting with the timing of their exergame play to optimize their performance; they all commented that their best performance was in the morning. 
Game preference
All participants reported that the tilt board and the ski slalom were their favorite games because they easily understood the scoring for the games and they felt and saw visible progress. Five participants were discouraged by the soccer heading game because of the fast pace, inability to distinguish their targets, for example, soccer balls versus distracters, and lack of improvement in scores. All participants reported feeling tired after one 3-minute session of the step game due to the cardiovascular demand.
Family participation and support
Six participants described that they enjoyed playing the Wii Fit with their grandchildren when they visited. One participant said that her family was planning to buy her a Wii Fit for her birthday. Another asked if she could continue to keep the Wii Fit for an indefinite loan because she wanted to continue to play with her grandchildren. 
Exploratory Changes in Balance, Gait Speed, and Physical Activity Enjoyment
DISCUSSION
This study suggests that it is safe and feasible for older adults with impaired balance to participate in a 3-month homebased, limited-supervision balance training intervention using a commercially available active gaming console, Nintendo Wii Fit. Participants enjoyed playing the exergames and found the games motivating. Moreover, there was preliminary indication that the Wii Fit exergames improved balance, as measured by the BBS. Our findings that the Wii Fit balance exergames are safe and feasible for older adults have several caveats. First, we excluded a large number of prospective participants, primarily due to musculoskeletal and neurological deficits and symptomatic disease, for example, exclusive use of walkers, vertigo, chest pain, etc. Since the intervention was considered to be very new and participants were asked to engage in mostly unsupervised play, we wanted to be more conservative to reduce the risk of injury.
Second, we initially estimated that five 30-minute training visits in the first week would be sufficient to ensure that participants were comfortable and confident with playing the games independently. However, it was evident that additional periodic visits were necessary beyond the weekly phone follow-ups to provide reinforcement, especially when participants were experiencing frustration with their lack of progress and to help participants modify game play when they experienced musculoskeletal strain. Most participants reported that they "got a hang" of the games by the end of the second month. The incremental improvements in the game scores over the 3 months also reflect their increased mastery of the games. Future studies will need to incorporate ongoing home visits to support successful and sustained independent game play beyond the initial training for older adults if these games are used for rehabilitation purposes.
Third, we had to modify and/or ask participants to discontinue 2 of the games (basic step and soccer heading) due to safety concerns and muscle strain, respectively. Perhaps with additional close supervision and training, we would have been able to progress these participants to play these 2 games as they were designed. It is unclear that if participants had fully engaged in all the 4 exergames, then whether the changes in balance would have been more substantial or whether dedicated play with a particular game was more efficacious in improving balance. We were able to retrieve data only on the cumulative duration of play for a particular day from the Wii console to cross-validate with the self-report paper logs. Because detailed information on the duration and frequency of game play were inaccessible from the console, we could not precisely determine the optimal training "dose" from this feasibility study.
Although there was no significant change in overall exercise enjoyment from baseline to 3 months, enjoyment measured immediately after each exergame session was high. One recent laboratory study showed that while energy expenditure with Wii balance exergame was lower compared with walking on a treadmill, enjoyment was rated significantly higher with exergame play in a small sample of older adults. 32 Enjoyment has been found to be associated with increased adherence to exercise over time. [33] [34] [35] The improvement in balance and gait speed may have been spurious, given the small sample and lack of a control group. However, the qualitative findings where participants noted improvement in balance with daily activities suggest that the changes as measured by the BBS may be real. Nonetheless, future studies will need to confirm these findings by using the BBS, other validated measures of balance, and follow participants over time to monitor for actual falls.
A majority of participants reported playing the Wii Fit with their grandchildren. Although the intervention was designed for participants to play alone, leveraging older adults' social network and encouraging intergenerational play could increase engagement and motivation. 36 Interestingly, a recent study by Rosenberg et al, 18 which tested the effects of a 3-month Wii Sports intervention in older adults with subsyndromal depression, suggests that game play with others, in a group setting, may have positive effects on depressive symptoms, mental health-related quality of life, and cognitive performance.
Limitations of this study are several. First, it involved a very small, self-selected sample of older persons with mild balance impairment, of whom more than half were college educated; this sample is unlikely to be representative of the entire spectrum of older adults, and so further, feasibility testing with other potential Wii Fit users from a more varied socioeconomic background and with a broader range of balance impairment is warranted. Second, because of the lack of a control group, we cannot confirm that the change in balance and gait speed we observed occurred as a result of the Wii Fit intervention. Third, we did not have an access to detailed data on actual game play from the Wii console to quantify the optimal training "dose." Lastly, the shortterm follow-up limited assessment of outcomes to those that would be expected to occur proximal to the intervention; longer-term effects of the intervention could not be ascertained.
CONCLUSIONS
The overall findings from this feasibility study suggest that older adults are likely to need close guidance and supervision if they are to successfully use the Wii Fit to improve balance in their homes. While the small sample size, highly selected participants, lack of a control group, short-term follow-up, and lack of detailed data on game play represent important limitations of this exploratory study, the findings that older adults can safely play the exergames with limited supervision and potentially have positive improvement in balance suggest a promising novel, relatively low-cost option for balance training that deserves further consideration.
